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ABSTRACT

This report presents detailed descriptions of two basic
computer programs for the analysis of the connectivities and
shapes of regions in digitized images. The application of these
programs to the analysis of TIROS cloud cover pictures and
outline maps made from such pictures is also briefly described.

The programs are written in FAP. They have been

extensively tested on the 7090,
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1. Introduction

Computer programs for processing pictorial information have
received some attention in recent years. However, research in this
field has tended to be concentrated in specific areas, among them
(a) Development of algorithms for "local" processing of two-
dimensional data arrays, with application to ""smoothing"
or otherwise simplifying given pictorial information
{(Dimeen 1955, Kirsch 1957, Unger 1958, Narasimhan 1964)
(b) Development of techniques for processing pictures which
consist of discrete, well-defined parts in given topological
‘ and metric relationships (Freeman 1961, Hodes 1961, Sutherland
1963, Kirsch 1964)
This report describes two computer programs designed as
basic tools for analyzing the sizes and shapes of connected regions in an
image defined by those image points having a given range of brightness (or
density) values. These programs represent one approach to bridging the
gap in digital picture processing research between local processing on
the one hand and the processing of pictures consisting of discrete parts
on the other.
The first of these programs, called the Region Area Measurement
Program (RAMP), identifies, computes the area of, and displays connected

. regions on a given set of digitized pictures input from magnetic tape.



As a by-product it also produces from the line-by-line, element-by-element
digital representation of the pictures a condensed representation on magne-
tic tape in terms of the picture-element intervals belonging to each region
on succeeding lines. Each interval is tagged by a number uniquely identi-
fying the region of which it is a part. This tape is thus a reconstructible
condensation of the information displayed (printed out) by RAMP. It may
be used as input to other image analysis programs, for example the second
program described in this report,

The second program, called the Region-Enclosed Square
Tabulator (REST), produces from this interval representation of a picture
a frequency distribution of the squares of all possible sizés enclosed within
each region, Two square types are distinguished: these which touch a
region boundary ('"exterior' squares) and these which do not (''interior"
squares).

RAMP and REST have been developed as general-purpose tools
for analyzing the connected regions on any image. RAMP distinguishes
the regions and measures their sizes, REST provides basic information
about the shapes of the regions; for example, a distribution of squares
which falls off abruptly for large square sizes is intuitively indicative
of an elongated region.

The next two sections of this report describe in detail the

structure and operation of the RAMP and REST programs. The concluding



section discusses the application of both programs to representative
TIROS cloud cover pictures and to outline drawings (nephanalyses) made

from such pictures.



. 2. RAMP: Region Area Measurement Program

\ 2.1 General description
% The principal function of RAMP is to identify and measure the
connected regions defined by points having a given range of brightness
values on a digitized picture. Two important examples of pictures to
which RAMP can be applied are
(a) Any digitized picture, where the given range of brightness
values are those exceeding an arbitrary threshold. An
example is the TIROS picture shown in Figure 1, where
the brightness threshold may be selected (Arking 1964)
8o as to discriminate between the cloud and noncloud
. portions of the picture. (For this threshold, RAMP will
analyze the connected masses of cloud cover on the picture.)
(b) A digitized line drawing consisting of black lines on a
uniform white background. For this type of picture and
a reasonable choice of brightness threshold, RAMP will
analyze the regions enclosed by the lines. An example is
the set of twenty-eight cloud cover maps (made from TIROS
pictures) shown in Figure 2.
The input to the program is a magnetic tape digital
representation of the picture or set of pictures to be analyzed., This
tape can be prepared from an original hard copy picture by scanning it

as described in the next subsection,




Figure 1

Typical TIROS Cloud Picture
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The program produces three outputs:

(a) A pictorial printout as illustrated in Figure 3, corresponding
to the upper left corner picture in Figure 2, in which each
connected region of above-threshold picture elements has
been assigned a distinguishing symbol. The set of symbols
to be used for this purpose can be specified by the user.

Up to forty-seven characters can be used. In the printout,
each element of a connected region is represented by the
character assigned to the region. The below-threshold
elements are represented by blanks. The printout is thus

a ''negative' in the sense that '"dark' regions are output as
blanks, while "bright'" regions are printed out as aggregates
of characters.

(b) A printed list of the connected regions and their areas. *
Such a list for the picture of Figure 3 is shown in Figure 4.

(c) A magnetic tape condensation representing the pictures in
terms of the intervals in which a set of parallel scan lines
intersect each region. These intervals are expressed in the
form (a,b), where a and b are the picture element numbers
of the leftmost and rightmost elements in the given interval.
The elements are numbered left to right from 1 to P, the
picture width. (A detailed description of the format of this
tape, which is the input to the REST program, is given in

Section 3.)

*The area of a region is defined as the number of picture elements it

contains,
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FIGURE 3
RAMP PRINTOUT
FOR A TYPICAL MAP




Region Region Area

Y 180
1 140
2 4
U 7410
3 597
4 456
5 15
6 694
7 160
V4 1066
Figure 4

LIST OF REGIONS IN FIGURE 3




2.2 Input

The images used as input to RAMP were converted into an
IBM-compatible digital tape using a high resolution optical-mechanical
scanner currently in operation at the National Bureau of Standards. (The
continuing cooperation of Mr. Leonard Cahn of the Bureau in making
this scanner available is gratefully acknowledged.) This scanner was
made by converting a metal lathe, The image to be scanned is placed
on a three inch diameter drum which is inserted in the lathe. At' one
end of the drum there is a slip ring which can be rotated with respect to
the drum. On the slip ring is cemented a photograph of white and black
lines and a black space corresponding to clock pulses and an inter-record
gap. The rotation of the slip ring with respect to the drum determines the
point at which the scanner starts to scan the photograph.

The optical system used in the scanre r consists of a light source,
a lens, a square aperture (1/192" x 1/192"), and a multiplier phototube.
Electrical signals are obtained at the output of the multiplier phototube.
A second optical system is placed in front of the slip ring and the output
of its multiplier phototube provides clock pulses for the entire electrical
system. This second optical system is connected to the automatic feed
of the lathe. Rotation of the drum provides the lateral motion across the
picture and the automatic feed of the lathe provides the longitudinal motion.

The output of the main multiplier phototube is fed into a video

amplifier and amplified. The amplified signal is then fed into a three




bit analog-to-digital converter. The resulting binary signal is then fed
into an Ampex digital tape recorder and recorded on magnetic tape at
200 bits per inch,
The scanner is equipped with preselected start and stop limits.
The maximum over-all scanning area is 9 x 10.4 inches. The area is scanned from
left to right starting in the upper left hand corner. Each line is equal to one
record; its end is marked by an end of record gap. Each record contains
288 words representing 1728 picture elements. The entire scanning area
contains approximately 2000 records.

2.3 Operating parameters

RAMP is coded for an IBM 7090 computer in the FAP symbolic
assembly language. For input-output a University of Maryland modified
version of the FORTRAN I/0 Hollerith package was used.

Parameter cards must be supplied for each run to specify the
number and size of the pictures in the sequence to be processed, All
pictures to be processed during a single run of the program must be
stored on a single magnetic tape. Each record on the tape contains
information about one picture line; lines are numbered consecutively
from 1 to L, where L is the total number of lines stored on the tape.

The parameter cards to be supplied for a set of p pictures are

the following:




Symbolic
Location and Contents

ENDR + 0 DEC R
+ 1 DEC Wb
+ 2 DEC We
ENDR + 3, 4, 5
ENDR + 3(p-1)
+0, 1, 2
ENDR + 3p DEC 0

Parameter Parameter
Definition Limits
Picture 1: 1 to magnetic tape

Picture 2;

Picture p:

storage limit
number of lines
in picture

beginning word of
line (6 picture ele-
ments per word)

1€ Wy SW,

ending word of

line

same

same

Signal for end of
picture sequence

These cards are inserted in the symbolic program deck just

prior to the last symbolic card ("END'" card).

2.4 Logical description

The input to RAMP is a binary tape containing digitized information

from a scanned image.

The scanner described in Subsection 2.2 assigns

each map element to one of eight gray levels; the program, however, is

concerned only with "biack" (below threshold) and "white' (above threshold)

elements.




One row (= line) of elements is read in at a time. For it, the
program records all of the intervals between ''black' elements, giving
their beginning and ending element numbers. For the first row, these
intervals are assigned successive region numbers and a count is started
for each region giving the number of elements in the interval, Starting
with the second row, all of the intervals for a given row m are compared
with the intervals of the previous row m-1 in the following manner: If an
interval (c,d) of row m overlaps an interval (a, b) of row m-1 (that is, if
c is not greater than b + 1 of if d is not less than a - 1) then the interval
(c,d) is tagged with the region number of the interval (a,b), and the number
of elements in (c,d) is added to the cumulative count of that region. If
an interval of row m overlaps two intervals (a;,b;) and (a3, by) of row m-1,
the cumulative count for the region of the interval (a,, b,) is added to the.

count
curnulative/ for the region (a1, b;) and the region number of (a;, b;) is
eliminated, .(az, b,) being tagged with the region number of (al, bl)‘ if
an interval (c,d) of row m does not overlap with any interval in row m-1,
then it is assigned a new region number. Each time processing for a
line is completed, its tagged intervals are written on magnetic tape.

It is necessary to make only one pass over all the rows of the
picture tape using this parallel type of processing.* Furthermore, at
any given time only one row of elements and the intervals from two rows

are in memory, thus minimizing the amount of storage required.

*However, one additional pass over the interval tape is required to

complete the numbering of the regions.



For each region the program puts out the coordinates of an
identifying element and the total number of elements. The identifying
element is the first element to which the program had assigned that
region number which it eventually assigns to the entire region after all
""overlaps'' have been consolidated as described above. If a region has
no '""overlaps, ' this is simply the first element of the region encountered
by the scan (the upper left element). For a "U'" shaped region, the
identifying element will be the upper left element of the left arm of the
"U", even though the left arm is shorter than the right arm, so that the
right arm was encountered first.

The symbols identifying the regions for output are assigned in
rotating order . A, B, ..., 2,1, 2, ..., 9 +, -, /, ="' .,) $ %
""comma'', ( corresponding to the order in which the scan encountered
the upper left element of the entire region (rather than the identifying

element). However, the regions are listed in the output in order of their

identifying elements. This explains the order of listing of the region
data in Figure 4, above, and Figure 7, below.
Figures 5 and 6 show a detailed flow chart and the 7090 symbolic

assembly (FAP) listing for RAMP.

10




Figure 5

RAMP Flow Chart




( START

REGNS Current region number
e ELEM Current element color (1 =
Initialization iREGNS =0, ELEM =1, ROW = 0, black, 0 = white)
! LINES = 0 ROW Current row (line) number
LINES No. of lines completely processed
(X1) (XX) Program connector
Set Parameter Values
BEGW BEGW Beginning word of line
ENDW ENDW Ending word of line
ENDR ENDR Number of rows in picture
l Next line of picture
(X0) BOL Boundary line
Read next record LFS Left side of interval
from input tape RFS Right side of interval
i word counter i = BEGW, ..., ENDW
j element counter{j=1,...,6
(AD) v within word

Is element a
boundary
element?

[—k=0,i=l,j=lJ k

(Al) v
@ord i, element j = B@ﬁ
no w

End of
line ?

interval counter within line

End of
word?

J =1 ¢
next element \'btl/

izi+1 to
j=1 a1

next word

Figure 5 - Sheet 1




A2
RTS = LFS

v Ad

yes
End of word? (j = 6¥yes>G + ENDW @
no no

' End of line

Y
[i=1+1, j+1]

' (a6)
CRI, = LFS, RTS

a boundary (Word i, element j) yes kK-ka+1 . ) Ct;
element? = BOL LFS = RTS + 2 @ =3 }5’(9)
Store interval. Ini- no ne End of

no i= row

Is element (A21) \

tialize new LFS lj =j+ ll i+l
(A3) to izl
Extend interval |[RTS = RTS + 1] Al (5 \
Al

next element

End of word? C,__E—"i)
to

yes A4

Figure 5 - Sheet 2



(A5A)
Write previous row
of intervals on tape

LENG =0, (PRI)=0 LENG No. of intervals in
(PRI +, 1)=0 ' current line
LINES = LINES + 1 (X) Contents of location X

y

Last line of picture ’/EINES)ENDR yes
processed? B l s

no

to
X0

(A5)
[CRIk = LFS, RTS‘ .Store last h previous-line index
interval of row a current-line index
. . (A301 L_: A LFS of PRI
End.of first line @I:ILEJ:S - ol.no @ B RTS of PRI},
of picture? l Bl C LFS of PRI,
Yes y D RTS of CRI,
l a-= X Reg. no. of CRI,
{ LENG = k| Y Reg. no of PRI
(A51) l
REGNS = REGNS + 1} Store region no.
CRI, = (REGNS) of current interval
PRIa = CRIa into previous interval

Yo _ Store coordinates of
(XYCOOR) current region in
T table XYCRD

EIiEGCT + X) = RTS-LFS + lI Add interval area to region area

l LINES =1
Intervals all processed? (a =k Y€ 5 LFS =1 ;8
o (PRI, , ;) =0
"aca+l Set flag for end
. of interval table
T
A51

Figure 5 - Sheet 3




N (B1)
Initialize Do current and previous Does current region
Indexes intervals overlap? have a number?
End of To
previous D<K A-1 no @ duplicates
processing

intervals ?

‘ ye
, 7o\ to
ves{ 2 yes { ] yes @ - -
u X=X Add interval

(REGCT + X) =
area to current

D+ C-1 ‘
+ (REGCT + X) region area

?ﬁ
B5

DUPLICATES PROCESSING

(B3)

Same region no.? (X = Y —X22y° to
- B5
no

Duplicate:
y Add area of previous to area of
(REGCT + X) = (REGCT + X) + (REGCT + Y) current region
STOR =h Eliminate duplicate ro. from
h=0 _ previous intervals in line
(B32Y
End of line? PRI
(Y = Duplicate \ no to
_Tregion no,? ~ ?\B325
yes
Y=X
(B325) th=h+1 Next previous interval

&)

X' = Region no. of CRI,

[ (}?.3_3_4]%‘1 Ticat no to Eliminate duplicate
= = Dup teare B341)  from all CRI

region no.

yes ¥

lX' = XI
Figure 5 - Sheet 4




Next previous

interval Store unique
h = STOR region NR and P
Duplicate? h=a €8 {(REGCT + Y) =0 its duplicate in —-—)@
DUPS = DUPS + 1 duplicates table,
no @ Zero out duplicate 'lme X o
in duplicate table

Determine whether next interval to be compared
is current or previous

(B5
Is it previous? D”B es @
no End of
pPrevious intervals?
—_

oYy esfs=n il

B55,
no | Bss

Is it current?

Next current
interval

End of line?

‘ no

Bl12

Next previous
interval

End of previous
int ervals?

Not yet assigned
a region no.?

'REGNS = REGNS + 1 Assign the next
X = REGNS region no.
i £
XYCOOR Store coordinates o

current region in table XYCRD

@ Figure ¥ - Sheet 5




{C3)
(REGCT + X) = D-C + —] Add interval area to current region area
= a + 1 | Next current interval

L.ast current interval? a =k + ll.no_
yes

INTERVAL-TAPE (Dl)

OUTPUT T Write previous-row
intervals on tape
PRI, , 1 =0, LENG = a Set flag for end of previous
Move CRI to PRI intervals, next cycle
LINES = LINES + 1 Next line of picture

next record

. B L _
Last line processed? \LINES > ENM LFS =1 @ To read in

Initialize

REGION AREA (D3) interval left side
OUTPUT | Output heading for

|region area printout

W region area table index
: (D5) - .

Regl.on no. a (REGCT( ) _ 0\ yes > to : Skip REGCT(W) wth word
duplicate?® 26/ output of table REGCT

. Outpuz current region
ino., COORDS, and AREA

oo |
W = W=w=+1 to

[-—————-v———‘ /
yes next region QS/

All regions output?

Rewind input tape
and interval tape

l

®
Figure 5 - Sheet 6




PICTURE
OuUTPUT (P03)
Clear region symbol table

Set output area to blanks_J

!

Read first word of record |
on interval tape
LENG = First word

Any intervals
this line?

(PO1) | s symbol table index
e . h current interval index
Read intervals into table PRI ; i
h=1,j=1, <1 m duPlxcates 'table index ‘
m=1 N unique region number, replacing
T duplicate
l M duplicate region number
(Pl)w_ (Q1) Y current region number
Is current region (Y =MYE8 iy - nLs
no. a duplicate ? no '

End of duplicates kzlj[@—>
table
Does Y have an
assigned symbol'>
it
no
(P21)

Assign a | (XYCRD + Y) = SYM(s)-}
symbol l s=s+1

L

Last symbol?

Is current ele-
ment boundary?

P41) \ 4
ELEM < LFS of PRI, )Y¢

no

Fill in
symbol

©

first symbol

next number

[ Zm+1}s(f) DUPS
Pl

number of
duplicate region
numbers

SYM f1rst location of symbol table
i word counter within line
j PICTURE ELEMENT counter
within words
ELEM element counter within line

@
s = 1(0)
(Q4)

ELEM =
ELEM + 1

Fill in spaces

i=i+41
word i =
spaces
j=1

Last word
of line?

next word

Figure 5 - Sheet 7



End of word?

Is current ele- \b ]
ment to left of (ELEM <RTS of P
end of current -

interval?

All lines
processed?

Last word

of line?

no

(P51) v
j=j+1
ELEM =ELEM+ 1

)

End of line?

(Q5) .
Output currex;t-\
picture line

Write updated interval
line on logical tape 3

(All pictures

N

'ROW - ROW + 1|

0 )
@&ow > @.&.}EPEM =1l yto

yes

N
Rewind intermediate
interval tape
(logical tape 2)

(Q11)

processed?)

yes

Rewind final
interval tape
(logical tape 3)

e

j=1

i=i+ 1
word i = spaces

@

Next element within word
Next element within line

_ Next
interval ?

next word

.. /'-\
RI no = LENG—2% $h-h+ 1 to
. @/

yes next interval
(Q7)N i=i+1] o
i = END no word i = [ to

to

spaces

7o \es)

Fill in spaces

for rest of line

Next line

(Q8)

j=1 P01

Set ENDR, ENDW,
BEGW to next set
of values

no

A 4

>

Initialize picture
dime nsions

LFS =1

ELEM =1

LINES =0 o
REGNS = 0f

n=0 ale}
ROW =0 To pro-
DUPS = 0 cess next

picture
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Figure 6

RAMP Symbolic Program Listing




. M RAMP  REGICN ARFA MEASUREMENT CROGRAM

X1 CLa SECW
SUB CRE
STO YA
CLA ENDW
ATD C0+2
STA Al+1
ETA A2141
£TA P51
STA P5=2
STA Ps+2
STA Q3+13
STA G5=3
STA Q5+6
STA Q8=~2
CLA ENDW
SUB REGW
STA AQO+1
STA PO
STA @5+13
LXA EMDR 1
sxD D3=441
X0 CALL RDSBIN READ BINARY
TIX 05058
TIX L{IOC)s 740
‘ TIX 05150
TRA AO READ IN ONE RECCRD STARTING
L(IOC) IORT GRIDs0s=-1 IN LOCATICN GRID
AO AXT Cs4 AQ THRU A2-1 SEARCHES FOR 1ST WHITE
AXT *¥%42
AXT 6,41
- CAL MASK
Al ARS 0
ANA *%,2
LGR 33
RQL 1
LGL 2
CAS THREE
TRA A2 TRA If A WHITE ELEMENT
NOP
CLA Al
ADD SIX
STO Al
CLA LFS
ADD ONE
ST10 LFS
CLA MASK1
ANA Al+2
SuUB SIX
STA Al+2
All TIX Al-15151 NEXT INST FCR A NEW WCRD

‘ SXA Al,0

Figure 6 = Sheet 1




A2

A21

A3

A4

A5

A501

CLA
STA
TIX
TRA
CLA
STA
CLA
STO
CLA
ADD
STA
CLA
ANA
suB
STA
SXA
CLA
STA
TNX
caL
ARS
ANA
LGR
RQL
LGL
CAS
TRA
NOP
TRA
CLA
ADD
STO
CLA
ANA
suB
STA
CLA
ADD
STO
TIX
SXA
CLA
STA
AXT
TIX
CLA
LGR
CLA
LGL
STO
ZET
TX1

TTHREE

Al+2

Al=25251

ASA

CON4 A2 THRU A3-1 SEARCHES FOR NEXT
A2-1 BLACK ELEM,

LFS

RTS

Al

SIX

A21

MASK1

Al+2

S5IX

A21+2

Als0 RESET ROUTINE Al FOR NEXT ROW
TTHREE

Al+?

Adelsl TRA FOR MEW WORD
MASK

*® ¥

¥4 2

* %

1

2

THREE IS THIS ELEM BLACK
A3 =WHITE ELEM,

Ab =5LACK ELEM.

A21

SIX

A21

MASK]

A21+2

SIX

A21+2

RTS

ONE

RTS

A21-15151 NEXT INST FOR NEW WORD
A21,0
TTHREE
A21+42

6yl
A21-1+251
RTS

12

LFS

12

CRI4 LA
LINES 15 THIS
Blotss~-1 NCT

Figure 6 - Sheet
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TRA

Al,0

D2+9

V)

o

G
<

I

Ny

i L.

u

Two

57O

Figure 6 - Sheet 3

LA




A7

Bl

B2

ADD
STA
CLA
ANA
SuUB
STA
CLA
STA
TXI
CLA
STA
X1
AXT
AXT
CAL
TZ2E
CAL
ANA
ADD
LGR
CAL
ANA
ARS
TLQ
CLA
ANA
LGR
CAL
ANA
ARS
suB
TLQ
CAL
ANA
TNZ
CAL
ANA
ORS
ARS
ADD
STA
STA
CAL
ANA
ARS
STO
CLA
ANA
SUB
ADD
ADD
ST0
TRA

SIX
AL
MASK T
A21+2
SIX
Al+?
CONZ
A2=-1
Allsbs—-1
CON4
AZ2=-1
A501 44,1
Osl
0s2
PRIL1
Cc2
MASK1
PRIs1
ONE
36
MASK2
CRI2
12

C1
MASK1
CRIs2
36
MASK?2
PRIs1
12
ONE
C2
MASK?3
CR142
B3
MASK?3
PRI 1
CR1,42
24
CON
B2
B2+1
MASK 2
CRI L2
12
TEMP
MASK]
CRI1,52
TEMP

ONE
#* %

* 3%
85

GO TO FIND BEGINNING OF NEXT INTE

GO TS END OF ROW ROUTINE

1« IF C GRTR THAN B+l CET NEXT PRI
Ze IF b LESS THAN A-1 CET NexT g1
3¢ IF NEITHER 1 NOR 2 THEN <RI AND

PRI CVERLAF
(AsB DESIGNATE INTERVAL FOR PRI
CeD FOR CRID)

TRA IF ¢ GRTR THAN B+1

S1ze OF BRI + ACCUMULATED sSIZE OF
REGs OF PRI TC (REGCT+REG.NOC. CF CRIN
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-
ERVAL

ARD




83

531

B32

B33

ToMb
RPN
e f. lﬁf:
A4y
RE

MASK D
PRI
TEMP
24
CON
B3l+1
MASK3
TRiszZ
24
CON
B31
£23+7
¥ 3%

* %

#® *
STOR 1
091
MASK3
PRI 1
B33

TEMP
B32419~1
*4+2
B32519~1
MASK1
MASK?2
PRI1
MASK 3
CRIsZ
PRIL1
B32s1s-
92
B3g+1
B3442
Cyl
MASK 2
CR1,51
TEMP
B344515-1
¥4 2
B34s1s—1
MASK1
MASK 2
CRI1
MASK3
CR1,2
CRIs1

bt

P W T SO 4 T fri s P b ool Il TN AR S VI o R S AT
Vel o EE ey 8 IMINATES REDUNDANT REL NO

DO MCOT FLIMINATE IF REG NOS. ARE ZOUAL

e s e . o e - .
KFS SIPF 0F RT4 DF 207 4 PEC
SIZF OF OEEG OF ORI TO REG Sirt
~ =7

oF CRI

ZERCES INDICATE END OF TABLE PRI

NOT EGQUAL TG REGe NOe OF REDUNDANT REG.,

=RF.Ges NOe OF REDUNDANT REG,
NOT FQUAL

REGe NOe OF CRI TO PRI

= REGe NOeo COF REDUNDANT REG.

REPLACE REDUNDANT REG. NDo
Figure 6 - Sheet
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B34

C1

c2

Tx1
TXH
L XA
CLA
ARS
ADD
STA
5T2
CLA
ADD
570
ADD
5TA
LA
ANA
ARS
ADD
STO
CAL
ANA
STO
CAL
ANA
CAS
TRA
TXI
TXI
SXD
TXL
TRA
CAL
TNZ
TXI
TXI
CAL
TNZ
TX1
CAL
ANA
TNZ
CLA
ADD
57O
ALS
ORS
ARS
ADD
STA
SXA
TEX
XA
CAL
ANA

Kt jele=1
ICIC R SN IR
STOR S 1
TEMP

24

CON

%41

*®

DUPS

ONE

DUPS
CONS

¥*45
MASK 3
CRI1s2

24

TEMP
MASK ]
PRIS1
TEMP
MASK1
CR1s+2
TEMP

1
#4+5519-1
*¥+1929-1
*+144
D1s2 %%
Bl+2
PRIS1
*=5
—6H41s1l
#4141 9-1
PRIs1
Bl1+2
*+191s1
MASK?3
CRIs?Z

c3 TRA
REGNS
ONE
REGNS

24

CRIs2 REG

24

CON

C21
TEMP,1
XYCOOR S 1
TEMP 41
MASK?2
CRIs2

CLEAR REG SIZE OF REDUNDANT REG

AT GRTIR THAN TEMP, GET NE F
AC=TEMPs GET NEXT PRI AND CQ1
AC LESS THAN TEMP, GET NEXT (RI

XT PRI
s

TRA IF NO MORE (RI

TRA IF MORE PKI

TRA 1IF MO

-
(@]
Y]
1
o
Py
Lo

IF CR1 HAS A REG. NQC.

NO. TO CRI
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c21
3

D1

BCK

D2

D3

D4

D5

ARS
£TC
LA
ANA
3uB
ADD
STO
TXI
s5xD
TXL
TRA
CAL
CALL
SXA
AXT
L0Q
STR
LEQ
STR
TXI
CLA
TNZ
CALL
LXA
572
NOP
PXA
PAC
SXA
PAX
TX1
CLA
570
TXH
CLA
ADD
S70
LXA
TXH
cr A
s70
TRA
CAL
CALL
pPzE
AXT
LDQ
STR
TIX
572
AXT
CLA
ADD

12

TEMP
MASK 1
TRIGZ
TEMP
ONE

* ¢

41 5291
¥+154
Dls2e%¥*
Bl1+2
=2R17
(STB}
TEMP,?2
0s2
LENG

PR1,2

Hel920-1
PRIs2
BCK
(WLR)
TEMP 2
PRI .2

32

’2
LENGs?Z
22
¥+1452,51
CRILZ
PRIs2
#=3 42,0
LINES
ONE
LINES
LINES,1
Nt e
rr=

LFS

X0
=6B17
{STH)
FORMS 01
841
HEAD+8, 1

Daglsl
TEMP
—-1s1
TEMP
ONE

$iZE

OF CRI

QO (REGCT+REGNC. OF

TRA IF NO MOFE ORI

INTERVALS TC TAPRE

VECTOR

IR
prs
G
-
-

GO TO READ IN NEXT ROW

HEADING

TG OP

Figure 6 - Sheet 7




<10 TR
CLA REZCT
TZE D&
LDG TEMP
TR NDe "0 08
T A MAQK
ANA XYCRL o2
XCA
STR ROW NOe T0 0T
LA XYCRD s 1
ARS 12
XA
SR LOU NDW O 0P
Lo RTRCT L
ETR REo SIZE ToOO8
06 C REGHS
f T?\f’
X LIS
ROF
CALL (FILy
CALL REWTP
p7E z7
Aty FERTE
D7E 771
TRA Po-3
221 R2E Tsled
a4 B2E Oalie?
THEEE OCT E
DuPs  OCT 3
B85S jage
CONE STO Duss
XYCGOR CLA CONS
ADD REGKS
STA X R
STA xyC
CLA LINES
ADD OnF
XYR 570 *# By SOORDINATEY T XYCRD
CLA MATK
ENA CR1s2
X¥YC ORS * % TELIX ATE  TO xyoaD

ONE ocT 1
TWO oCcy 2
SIX cCT &
TTHREE DEC 33
MASK  OCT I3
MASK1 OCT 0
MASKZ2 ©CT
MASK3 CCT
CON STO
CONZ  NOP
CON3 PZE A7
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ZCN&
LINES
REGNS
LFS
RYS
TEMP
STOR
PRI
CRT
GRID
REGCT
LENG
CONS
XYCRD
FORM
HEAD

PO1

P1

“f i M

¢
¢

NN O N
wn wm wn

¢
t

THEDDDDDOOOTD
n

n
wn

n o
-~
Qm

BSS
BCI
BCI
BCI
ocT
axT
572
T1x
AXT
CLA
57O
CAL
CALL
STR
XCA
STO
T7E
PAX
PAX
ADD
STA
STA
STA
STA
STA
STR
STQ
TIX
CALL
LXA
CLA
ADD
ADD
STA
CLA
ANA
STO
CLA
ANA
CAS

r

>
»
=

-

bordl Pt el ek gt et ()

288

500

0

XYCRD

500

Sy (BA6// (141
541 REGION
cP REGION
2

5001
XYCRD+500,1
*-1,151

**91

CONT

GRID

=2B17

(158

15T WOR
LENG
Qlo
94
$?
BCK
P1
Qé
P4
Pé
*4 2
x4 4
¥=2 94,41
(RLR)
DUPSs 4
CONé
DUPS
ONE
P1+3
MASK3
¥4 2
TEMP
MASK?3
*% 5 4
TEMP

TABLE OF PREWVICUS ROW INTERVALS
TARBLE OF CURRENT ROW INTERVALS

TABLE CF ACCUMULATED REGION CCUNTS
TABLE OF x-v COORDINATES
2933129144 41J161))

NUMBER RCW COL
17t

CLEAR TARLE Xv{RD

D CONTAINS NO. OF WORDS IN RECCORD

[

=1PK1Y + NOe. OF WORDS IN RE

1
I
o

EXTRACT REGe NOo
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TRA *42

TRA Q1 TRA IF PREGe. HNOe 15 A DUP
TiX Pi+2sGs1
CaL TEMP
ARS 24
ADD CONS
STA Ps =EFFECTIVE ADDRESS CF SYMEOQOL ASSIGNED
STA P3 TO REGe NO.
STA *+1
CAL * %
TNZ Pa-1 TRA IF REG. HAS A SYMBOL
CAL MASK 4
p2 ARS 0
ANA SYM GET NEW SYMBOL FOR THIS REG.
ALS 0
P3 SLW *%
CLA MASK1
ANA P2
ADD SIX
LDQ TTHREE
TLQ Q2 TRA IF NEW WORD OF 5YM IS NEEDED
P31 STA P2
STA P3-1
CLA COUNT
ADD ONE
&T0 COUNT
LDQ FFIv
TLQ Q9 TRA IF ALL SYMS. HAVE BEEN USED
CLA MASK?2
P4 ANA *¥ 42 EXTRACT LFS OF CURRENT INTERVAL
ARS 12
LDQ ELEM
TLQ Q4 TRA 1IF CURRENT COL IS LESS THAN LFS
CAL MASK4
P41 ARS 0
oM
ANA LEER!
SLwW *¥ky]
P5 CAL ¥* %
ARS ¢
ORS L X! SYMBOL TO GRID
CLA MASK1
ANA P41
ADD SIX
LDQ TTHREE
TLG Q3 TRA IF NEW WORD OF GRID IS NEEDED
P51 STA Pal
STA P5+1
CLA ELEM
ADD ONE
sTO ELEM
CLA MASK1
P6 ANA *¥#,y2 EXTRACT RTS OF INTERVAL
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Q1

Q2

G3

Q4

Qa1

Q5

CAS
NOP
TRA
TIX
TRA
CLA
ANA*
LDQ*
RQL
LGL
SLw*
TRA
CLA
ANA
ADD
STA
PXA
TRA
TIX
TRA
CLA
STC
PXA
TRA
CLA
ADD
STO
CLA
ANA
ADD
LDQ
TLG
STA
STA
TRA
TIX
TRA
CLA
STO
PXA
TRA
CAL
CALL
PZE
AXT
LDQ
STR
LDQ
STR
TIX
CALL
CAL
CALL

FLEM

PL1-1
PClsZsl
Q7
MASK1
P1+3
P1

12

24

P1

PO1
MASKS
P2+1
ONE
P2+1

s 0

P31
#+25151
Q5
CON7
*3% 51

s C

P51
ELEM
ONFE
ELEM
MASK]
P4l
S1X
TTHREE
¥4 4
P41
P5+1
P4g-1
*+25191
Q5
CONT
*% 41

s 0

Q41
=6B17
(STH)
FRMT 0,1
L&
CON7

L S

®=245151
{FIL)
=3B17
(sSTH)

TRA TF FMD OF INTERVAL RGYT YET REACHED

ALL ITMTERVALS TN ROW SRE BROCEILYD
REPLACE DUP REGe NOe
EXTRACT REPLACING REGe NG

GET NEXT WORD OF SYMBOLS

TRA IF RCW 1& COMPLETED

ROW IS COMPLETED

RGW J CF GRID TC TAPE
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2772
Q7

Q8

09

Q10

CON7
CONB
CON9
MASK4
ELEM
FETV
COUNT
ROW
SYM
FRMT
MASKS
Q11

ROW J OF INTERVALS T

Lot

*=274151
{(WLR)
ROW

ONE

ROW

ROW
ENDR

Q8
REWTP
z7
RUNTP REWIND TAPE O URNIT 3
7272?

Q11

"‘39(".9‘3

*¥+2511 REST OF THE ROW I8 BOUMDARY
Q5

CON7

*¥H4]

Q7

ONE

ELEM

» 0

P41

P5+1

PO RETURN FOR NEXT ROV
CONR

Po+1

COUNT

s 0

P2

P3-1

P4=1

(RLR}

Q7

1,

SYM

AS5A+3
770000000000
1

45

0

A

L

BsABCODEFGHIJUKLMNOPQRSTUVWXYZ123456789+-/=14)3%s ¢

29 {1HG,20A8;
00000007777
CON1O,1
#+1415-3
CONIOD,L1

=

™
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Q12

FMT
CON1O
TAPE
ENDR
BEGW
ENDW

CLA
TZE
STO
CLA
STO
CLA
510
CLA
STO
STO
STZ
STZ
sSTZ
STZ
CLA
STA
ST7
PXA
STA
STA
STA
STA
TRA
CALL
PZE
AXT
LPQ
STR
TIX
HPR
CALL
BCI
DEC
BCI
DEC
DEC
DEC
DEC
DEC
DEC
DEC
END

ENDR o1 4
N2 TRA IF NG MORIT OPASSES SESUISED
ENDR

BEGWs1

BEGW

ENDWs 1

ENDW

ONE

LFS

ELEM

LINES

REGNS

COUNT

ROW

CONB

P2+1

DUPS

s O

p2

P3~.1

P41

P5+1

X1

{SPH) PRINT CN-LINE
FMT,0,1

551

TAPF+5,1

o

*=-291s1

EXIT

1,(5A6)

0]

5,END OF JOB = DISMOUNT TAPES

289 ENDING RCW

1 BEGINNING WORD

19 ENDING WORD

289 EACH SET OF 3 CARDS WIKL CAUSE THE

62 PROGRAM TO MAKE ONE PASS ON A PICTURE,
80 THE LAST SET OF 3 CARDS MUST BE FOLLOWED
0 By A WORD OF ZERQES.

Figure 6 - Sheet 13



3. REST: Region-Enclosed Square Tabulator

3.1 General description

The principal function of REST is to compile a frequency
distribution of the squares of various sizes lying within each connected
region (as defined for RAMP) on a set of pictures. The range of desired
sizes, the picture size, and the number of pictures to be processed are
specified by the user, These dimensions are all specified in terms of
numbers of picture elements.

For each square size considered within a given region, the

following information is computed in addition to the square frequency

count:
. The frequency of exterior squares (with at least one element
touching the boundary of the region)
. The frequency of interior squares (with no element touching
the boundary)
. The percentage of squares which are exterior
. The percentage of squares which are interior

Picture data are input to the program from magnetic tape, line
by line. Regions are represented by the picture-element intervals which
they occupy on each line; a number assigned to each interval indicates its
region. The picture interval data are produced by RAMP from an element-

by-element digital picture representation as described in Section 2,

11



A sample picture consisting of ten regions, in the form produced
as output by RAMP, is shown in Figure 7. A line drawing representation
of this picture is shown in Figure 2, column 1, picture 6. The output
of REST for this picture is shown in Figure 8.

3.2 Input_

The number of records on the magnetic input tape is equal to
the total number of lines in the set of pictures to be processed. Each
record contains information about one line in the picture.

The first word of the record contains the number of intervals
on the line. Each succeeding word, representing one interval, is divided
into three parts of four octal digits each. The first part is the interval
region number; the second, the interval left end element number; the
third, interval right end element number.

Elements are numbered consecutively from 1 to P, where P
is the picture width.

For example, the input record representing line 11 of the sample
picture (Figure 7) is:

000000000005 014300010007 013300130050 013400540114 013501210130
013401330162

The region represented by M in the picture was assigned identifying number
143 (octal); by J, identifying number 133; etc.

3.3 Operating parameters

REST is coded in the FAP assembly language to run on an IBM
7090 computer. For input-output a University of Maryland modified FORTRAN

Input-Output-Hollerith program was used.
12




443343133343333433333333334333
33333433434333334543443444503d5  KERRKRKKKKKKKKRA KR KRKLERS Luuulmmuku KREK
R 30433434331333334433343433343332 uuuunuuunm freveTee
W 30030433434443444d9449444343430  KRERKKKKKRRERK KKK LOALLLLLAMLLLELLLL
R 30433343333303348334383344343330  EREAKEKERKEKKKEKRKRERAKRNL LALLLLLMLLLLLLLL  EKRREK
SO U333433333333043333333433143443  KEKERKKERKKKSKEKKERRAKERNE CLLLLLAAALLLILLL KEKREKERKREREKMRAMRINER

R 313303333433333033333433433334 LLLLALALLLLLAL KEKEKREKKKKRRKNESRERARSK
R S33013333344334334334333033838 LLLLLLLLLL  KRAEAKKARK SAKERRKMNIREL
WD SU333434534443340334334033333 LLLLLLLLL KKK REARKECARRARRAREES
TS 33334334434443394443334334343404 = & Y S Y N T T T )
RO 3J3433333333333334344300433343 LLLLLLLL  SrEERKSKAK EREKNRARARMRRS
OIS JS34duddsddddsIN4434333433 , STy
AT S1133I33444d4d304050330334433 [ereeTy
. §303d34334333343344343433 .

AR J3d3id4dd34043334440333343 K X

AN S ddddddddddddidI 040034 KRRERKREKKRRRKKE KKK KRR R K
AR S 394033d333333340313344003d  KEKKRRERKKRKEKRR KKK KKK REK
o 8444433343333333433444333 x

M mapuRs s v 3344433334434333333333433
RAAARAARAN LS II 540334333
R RARABARRARA  JSIdd4Idd3033344443344

R B K L B K
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OURIOI LI S RS $34443333333333333333333333
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RN RS AR JJJJJ3034300d43403333000308  KRRRRKKKKKKRKKKKKKKKK EERKK
AR IR AR ASARARS ) J3JSSIII4340033044334
AR MM AR HRNRAAN  J13JJS330dd33d0303433333
R A AN 3300000d0d333334344433433
AR AR AR AR )5 Jd330300d 3433333343443

RN RN RARRAR AR JJJJJJJdd33433330043430 RERKRELKRKKKRERKRKK RERSKKKER  LL
TRAMRRARARARARE R RORRRRNR JJJJJ44d443300300434d4 RERKERRKREKKKKKKKKK RERKKRKEE EEEERRKAKRRRER
344434433343334343334 RRERK ARAKERRKRKRRREK
4444344344433344
34344433343338
434434333333

AR SNSRI 34433344 KR KR AKX KK A A KA KRR SR L LAY
PRGBS 5, A B ] RSB, 3443434439 [IXEITTLICTT ORI TV LTINS 48 VY {TTTILTTTY

BRSSPI TR MRt SO PR SRR S SR 443333443
EFEENNNN)

AR AR KRR AR KRR KK K
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=
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FIGURE 7
TYPICAL INPUT TO REST




Square Square Frequencies Square Percentages

Region Width Total Exterior Interior Exterior Interior

L 2 190 111 79 58 42
3 131 89 42 68 32

4 79 56 23 71 29

5 42 32 10 76 24

6 23 21 2 91 9

1 10 10 0 100 0

8 2 2 (] 100 0

9 0 0 0 0 0

J 2 1022 208 814 20 80
3 913 187 726 20 80

4 814 172 642 21 79

5 726 164 562 23 ki

6 642 156 486 24 76

7 562 148 414 26 74

8 486 139 347 29 71

9 414 131 283 32 68

10 347 123 224 35 65

11 283 113 170 40 60

12 224 103 121 46 54

13 170 96 74 56 44

14 121 78 43 64 36

15 74 56 18 76 24

16 43 40 3 93 7

17 18 18 0 100 0

18 3 3 0 100 0]

19 0 0 0 0 0

Figure 8

Output of REST for the Input of Figure 7




Square Square Frequencies Sguare Percentages

Region Width Total Exterior Interior Exterior Interior

1 ¢ 2 3072 402 2670 13 87
3 2869 395 2474 14 86
4 2670 388 2282 15 85
5 2474 380 2094 15 85
6 2282 370 1912 16 84
7 2094 360 1734 17 83
8 1912 352 1560 18 82
9 1734 343 1391 20 80
10 1560 335 1225 21 79
11 1391 326 1065 23 77
12 1225 317 908 26 74
13 1065 310 755 29 71
14 908 284 624 31 69
15 755 250 505 33 67
16 624 228 296 37 63
17 505 196 309 39 61
18 396 143 253 36 64
19 309 103 206 33 67
20 253 89 le4a 35 65
21 206 80 126 39 61
22 164 72 92 44 56
23 126 64 62 51 49
24 92 56 36 61 39
25 62 46 16 74 26
26 36 33 3 92 8
27 le 16 0 100 0
28 3 3 0 100 0
29 o] 0 0 0 0
0 2 413 112 301 27 73
3 355 100 255 28 72
4 301 88 213 29 71
5 255 79 176 31 69
6 213 71 142 33 67
7 176 65 111 37 63
8 142 59 83 42 58
9 111 53 58 48 52
10 83 46 37 55 45
11 58 39 19 67 33
12 37 32 5 86 14
13 19 19 0 100 0
14 S 5 0 100 0
15 0 0 o] 0 0
P 2 144 67 47 59 41
3 76 48 28 63 37
4 47 34 13 72 28
5 28 25 3 89 11
6 13 13 o] 100 0
7 3 3 0 100 0
8 0 (0] 0 0 0
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Square Square Frequencies Square Percentages

Region Width Total Exterior Interior Exterior Interior

N 2 1531 237 1294 15 85
3 1410 228 1182 16 84

4 1294 220 1074 17 83

5 1182 211 971 18 82

6 1074 200 874 19 81

7 9171 188 783 19 81

8 874 176 698 20 80

9 783 164 619 21 79

10 698 154 544 22 78

11 619 146 473 24 16

12 544 138 406 25 75

13 473 130 343 27 73

14 406 122 284 30 70

15 343 115 228 34 66

16 284 107 177 38 62

17 228 100 128 44 56

18 177 94 83 53 47

19 128 85 43 66 34

20 83 69 14 83 17

21 43 40 3 93 7

22 14 14 0 100 0

23 3 3 0 100 0

24 0 0 0 0 0

Q 2 85 76 9 89 11
3 40 40 0 100 0

4 9 9 0 100 0

5 0 0 0 0 0
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Square Square Frequencies Square Percentages

Region Width Total Exterior Interior Exterior Interior

R 2 1388 199 1189 14 86
3 1286 189 1097 15 85
4 1189 179 1010 15 85
5 1097 171 926 16 84
6 1010 164 846 16 84
7 926 156 770 17 83
8 846 149 697 18 82
9 770 143 627 19 81
10 697 137 560 20 80
11 627 129 498 21 79
12 560 120 440 21 79
13 498 113 385 23 77
14 440 106 334 24 76
15 385 100 285 26 74
16 334 94 240 28 72
17 285 88 197 31 69
18 240 83 157 35 65
19 197 76 121 39 61
20 157 69 88 44 56
21 121 64 57 53 47
22 88 59 29 67 33
23 57 51 6 89 11
24 29 29 0 100 0
25 6 6 0 100 0
26 0 0 0 0 0
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Square Square Freguencies Square Percentages

Region Wwidth Total Exterior Interior Exterior Interior

S 2 14 14 0 100 0
3 4 4 0 100 o
4 0 0 0 0 0
M 2 5343 802 4541 15 85
3 4928 750 4178 15 85
q 4541 711 3830 : 16 84
5 4178 685 3493 16 84
6 3830 637 3193 17 83
7 3493 583 2910 17 83
8 3193 549 2644 17 83
] 2910 518 2392 18 82
10 2644 480 2164 18 82
11 2392 445 1947 19 81
12 2164 427 1737 20 80
13 1947 412 1535 21 79
14 1737 396 1341 23 77
15 1535 377 1158 25 75
16 1341 359 982 27 73
17 1158 345 813 30 70
18 982 324 658 33 67
19 813 296 517 36 64
20 658 256 402 39 61
21 517 215 302 42 58
22 402 188 214 47 53
23 302 160 142 53 47
24 214 124 30 58 42
25 142 88 54 62 38
26 90 60 30 67 33
27 54 43 11 80 20
28 30 29 1 97 3
29 11 11 0 100 0
20 1 1 0 100 0
31 0 0 0 0 0
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The following parameter cards must be supplied for each

program run:

Symbolic
Location and Contents

Wmin
w

max

lc

Pwd

Card

Number*

3790

3800

3792

3834

3819

3.4 lLogical description

Parameter
Definition

Minimum square
width to be considered

Maximum square
width to be considered

Picture length
(number of lines per
picture)

Number of pictures

Picture width
(number of picture
elements per line)

Parameter
Limits

1 to Wmax

1 to PWd

1 to magnetic
tape storage limit

1 to magnetic
tape storage limit

1 to 1000
(providing
number of
different regions
per line does
not exceed 60)

One line of picture elements is read in from magnetic tape at

WMIN DEC

WMAX DEC

PLC DEC

WP DEC

PICWID DEC
a time,

as follows.

The program assigns a column height to each element of the line

The column heights of elements within an interval are incre-

mented by 1; the column heights of elements not in an interval are reset

to zero.

Each interval is processed as follows:

Initially all column heights are set to zero.

The region number of

each interval (a, b) is examined to see whether it is in a previously

processed region.

*As shown on the assembly listing of the program (Figure 10)

If not, the region number, row number, and column
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number are placed in an empty line of the Region Table. A flag, called

the usage indicator, which is explained later on, is set for this region,

Each element within the current interval is examined to see
whether it will complete a square of the width being considered (the

current width). A square width counter is reset to zero at the beginning

of the interval. For each element of the interval, processing proceeds
as follows: If the column height is found equal to or greater than the
current width, the current square is ""high'" enough, and therefore the
square width counter is incremented by 1. If now, the square width counter
itself equals or exceeds the current width, the current square is also
"wide' enough, and therefore the frequency of squares of‘ the width being
examined for the region in process is incremented by 1.

If the column height is too small, the square width counter is
reset to zero. (The square width counter thus represents the number of
consecutive columns which are "high'" enough.) This is done for all square
widths from WMIN to WMAX by setting the current width first to WMIN
and incrementing it by 1 up to and including WMAX. However, if the frequency
of the squares of some width W less than WMAX is found tobe zero, the
square gizes W + 1,..., WMAX are not considered. Succeeding intervals
are processed in the same fashion,

Important to the program are the usage indicators referred to

above. There is one usage indicator for each line of the Region Table, which
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holds information about regions currently in process. Initially all the
usage indicators are set to zero, If the region number for an interval
matches none in the Region Table, this indicates a new region to be
processed. A new entry is made for this region into the first empty line
of the table, i.e., the first line whose usage indicator is zero. This
usage indicator is then reset to 1, indicating that this region is now in
process. If a region of the interval has been processed in the preceding
line (i.e., if the region number matches one already in the table), the
usage indicator for that region in the Region Table is reset to 1, indicating
that this region is still in process,

When all the intervals of a line have been processed, each usage
indicator is examined, If a usage indicator is 1, that line of the Region
Table was in process in the present cycle (one picture line is processed
each cycle); that usage indicator is reset to minus 1. If the usage indicator
is initially minus 1, that line of the region was in process in the previous
cycle but not in the present cycle, Therefore, this region is '"closed out, "
and its data are ready for output, This usage indicator is reset to zero
(indicating that its line in the Region Table can be reused subsequently),
and data for that region are then output,

When outputting a line of the Region Table, the frequency of
exterior and interior squares and the percentage of exterior and interior
squares are obtained using the fact that the frequency of interior squares
of width t is equal to the frequency of all squares of width (t + 2). The
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frequency of exterior squares of width t is then equal to the frequency of
total squares of width t minus the frequency of the interior squares of
width t.

A flow chart and symbolic program listing for REST are shown

as Figures 9 and 10,
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Figure 9

REST Flow Chart



(USAGE), ..., (USAGE + 59) =0
(REGTB), ..., (REGTB + 59) = 0
(FRECT), ..., (FRECT + 7199) = 0
(COLM),...,{(COLM + (PICWID)) = 0

R
Print Headings
v

(RANGE) = (WMAX) - (WMIN) + 1

v

no yes

(PLV) = (PLV) + 1

y
[Read in Line (PLV) of Picture]

Y

(1s (NUOIN)%——)
— " yes

no

4
(PRERIN) = 0

Y

coLM Column Height Table
REGTB Region Number Table
FRECT Square Frequency Table
USAGE Usage Indicators

{(WMAX) Maximum Square Size
{WMIN) Minimum Square Size

Initialize Picture Line Counter
(PLV)

Have all lines of picture been processed?
(PLC) = Number of lines in picture
VC = Variable Connector

Increment picture line counter by 1 (PLV)

Is number of intervals (NUOIN) on this
line = 0? If so, go to part of program
to clear out column heights for this line.

Set left boundary of gap before
first interval = 0
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SC2B

uRi, Ai, Bi) = Next Interval of Line

v

(REGIO) = Ri

(LIN) = Ai
(RIN) = Bi
A
l(—PRERIN) = (LIN) - (PRERIN) + 1
v
(s (LIND—) “to ™
no yes @
v

{Hc,..., Ha-1=0]

Is (REGIO) - (REGTB). .
(REGTB + 59) = 0?
nol

Find i
(USAGE +i) =0
i minimum 20

i
(REGIO) = (REGTB + i)
(PLV) = (ROW + i)
(LIN) = (COL + i)

!

[.-' to
1 SC3B

Ri = Region Number of Interval
Ai = Left End Point of Interval
Right End Point of Interval

@
H

(PRERIN) = Number of elements in gap
between intervals

Is (LIN) left end point of interval first
element in line ?

Hc = Column Count of Left End Point of Gap
Ha = Column Count of Left End Point of
Interval

Is current interval in a previously
processed region?

Search for first empty line of Region
Table where USAGE INDICATOR = 0

(REGIO) = it line of Region Number Table
(PLV) = i'® line of Row Number Table
(LIN) = i* line of Column Number Table

Figure 9 - Sheet 2




(LINE) =i Store Line Number of Region Table

being processed
y
(USAGE + i) =1 Set Usage Indicator of it? line of
Region Table = 1
. Y
[s12E) = (RIN) - (L1N) + 1] (SIZE) = Number of elements in
interval being processed
4
(WMAXP) = (WMAX) + 2 {WMAXP) = Maximum Square Size
# to be considered plus 2
y
Set FRECT + {(LINE) - 1) Set Frequency Table for lire number
WMAXP...FRECT + (LINE) (WMAXP) of Region Table being processed
(Hm) =(Hm)+ 1, m=a,...,b Increment Column Heighté in irterval
being processed by 1
Y
[(WCUR) = (WMIN)] Set Minimum Square Size (WMIN) to
l Current Square Size (WCUR)
(SWCH) = 0 Set Switch (which determines whether
a square has been counted) = 0
(=0 Set Square Width Counter (J) = 0

Set Column Counter for Interval (K) = 0

Figure 9 - Sheet 3




T )2 (w@—-)‘
yes

(J) —(J)+ 1

(s (;})z (WCUR)?

yes no
A 4

(FRECT + ((LINE) - 1

= (FRECT + ((LINE) - 1) (WMAXP) + (WCUR)) + 1

) (WMAXP) + (WCUR))

Wi 1]

to
SC 7B)

\

SC7A

(K) = (K) + 1

!

Is Square Height large enough ?

Increment Square Width
Counter by 1

Is Square Width large enough?

Add 1 to Square Frequency
WCUR in Frequency Table

Set Switch = 1 to indicate one
square counted this cycle of
size (WCUR)

Set Square Width (J)
Counter = 0

Figure 9 - Sheet 4




Have all columns for current
@ Interval been processed for this
no

to
yes \SC8A square size?

Obtain next column for test
of Square Height Sufficiency

l

@ Has square of size (WCUR) been

no found for present interval?
yes
Is (WCUR) = (WMAX)? to Has Maximum Square Size been
no SC8B processed for cycle?
yes l
(RIN) = (PRERIN) Set Right Side of interval = to

l left boundary of gap
to
D
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as last interval in line

ye

8
C8B

(WCUR) = (WCUR) + 1 Increase Current Square
Size by 1

Reset Column Counter back
to beginning of interval

O

yes in last column of line?
v (PICWID) = width of picture

H yeeer H =0 ' Set all column heights to right
PICWID
ct!l cwt of last interval = 0

@(TIIN) = 7(PICWID)? \ Is right endpoint of last interval
SC9B

no

SC9B Figure 9 - Sheet 6
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SC9IB

D

SC10;

s (USAGE + i) = 02—
no l yes

s _(USAGE + i) = 12—
no

{L yes

{(USAGE + i) = 0|

!

®

to
SClA

i=zi4 1l

Set counter for testing usage
indicators = 0

h

Is it? line of Region Table empty?

Was ith line of Region Table in
process this line?

Set Usage Indicator of this line
of Region Table = 0

Set Usage Indicator of this line
of Region Table = - 1

Have all lines of Region Table
been tested?

Increment counter for testing
usage indicators by 1

Figure 9 - Sheet 7




SCl1lA}

(ROWC) = (ROW + i) Prepare Row Number and
(COLC) = (COL + i) Column Number for outputting
TN
SC11B;

Set up addresses for frequency of
squares of regions being output

v

Set up counter for number of
square sizes

(INT + i) = (FRECT + (LINE - 1) (WMAXP) Set frequency of interior squares
+1i+ 2) of size i-1 = to frequency of
total squares of two sizes larger
y
(EXT + i) = (FRECT + (LINE - 1) (WMAXP) Set frequency of exterior squares
+ i+ 2) - (INT + i) of size i-1 = to frequency of

total squares of size i-1 - fre-
quency of interior squares of
size i - 1

ORIGIN

no

9 Figure 9 - Sheet 8

s (FRECT + (LI } Is frequency of squares of
WMAXP) + i) =02 this size equal to zero?




(INT + i) 100
(FRECT + (LINE) (WMAXP) + i)

(INTPE + i) =

Compute Percentage of
Exterior and Interior Squares

(EXTPE + i) = 100 - (INTPE + i)

(INTPE + i) = 0
(EXTPE + i) = 0

Set both percentage of exterior
squares and percentage of
interior squares = 0

e

i=0 Set up counter for number of
square sizes
y
(DIMENS) = (WMIN) Set DIMENS equal to minimum
l square size ’
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TFREQ = (FRECT + (LINE - 1) (WMAXP) + i)
IFREQ = (INT + i)
EFREQ = (EXT + i)
EPERC = (EXTPE + i)
IPERC = (INTPE + i)

Y
Output

(REGNC), (ROWC), (COLC), (DIMENS),

(TFREQ), (EFREQ), (IFREQ), (EPERC),
(IPERC)

no ves
f

Skip a line]

Y

Set FRECT + (LINE - 1) (WMAXP), ...
FRECT + (LINE) (WMAXP) - 1 = 0

Set up square frequencies
and square percentages for
outputting

Set square frequencies of
this line of Region Table = 0

Figure 9 - Sheet 10




LAST

Set H

'LERRE H(PICWID) =0 Set all column heights equal to zero

¥

2

rsitore STOP in Variable Connector

v

Store VC in Variable Connectoxjj

|

Figure 9 - Sheet 11




Figure 10

REST Symbolic Program Listing




‘ :EWPCT

USE

BACK

FRETA

COLUMN

sCe
D&

D5

SC1
SC1lA

LXA
x4
TXI
SXA
SXA
SXA
SXA
SXA
SXA
SXA
STZ
TIX
LXA
LXA
TX1I
SXA
SXA
SXA
S$T2
TiX
AXT
AXT
TX1
SXA
STZ
TIX
LXA
LXA
TXI
SXA
SXA
STZ
TIX
CAL
CALL
PZE
AXT
LDQ
STR
TIX
AXT
LbQ
STR
TIX
CALL
CLA
sSuB
ADD
STO
STZ
CLA
suB

*+1429USAGE
SC38BBs2
SCANNs 2
USEs2
SC10A=252
SC1C0+1,52
S5C10A=54+2
SC10A+1s2
**’1
USEslsl
REGNS s 4
REGNS 1
#+1451,REGTB
SC10+351
SCAN+151
BACK 51
**’4
BACKs4 51
720062
720054
#4163 FRECT
FRETAs4
*¥¥%4,2
FRETAs2s1
PICWIDs4
PICWID»1
*¥+1+13COLM
LAST+2,1
COLUMN, 1
¥¥54
COLUMN 4,1
=6B17
(STH)
FORM30»1l
2051
FHEAD+20,1

D4aslsl
2091
HEAD+20 1

D551,»1
(FIL)
WMAX
WMIN
ONE
RANGE
PLV
PLC
PLV

TABULATOR

SET USAGE INDICATOR FOR EACH LINE OF TABLE=0

NUMBER OF REGIONS PLUS ONE INTO IR4
NUMBER OF REGIGNS PLUS ONE INTO IR1

SET UP ADDRESS FOR GUTPUTTED REGIUN NUMBLER

SET ALL REGIUN NUMBERS IN TAblE EWQUAL TU ZERO

CLEAR ALL FREGUENCIES

PICTURE WIDTH INTO IR4
PICTURE WIDTH INTO IR1

SET ALL COLUMN HEIGHTS EWUAL TO ZERO

HEADINGS

MAXIMUM SQUARE STzt TO BE CONSIDERED
MINIMUM SQUARE SIZE TG BE CONSIDERED

NUMBER OF SQUARE SIZES
INITIALIZE PICTURE LINE COUNTER
ANY MORE LINES OF

PICTURE TO PROCESS.
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VARING TZE Vi

CLA Ry CBTAIN NEXT LINE
ADD GNE PLV EWQWUALS PLY PLUS
STC PLV ONE
CAL =9R17 READ IN NEXT LINE
CALL (TSBY OF PICTURE
STR
sSTQ NUQIN
CLA NUCIN NUMBER OF INTERVALS
TZE SCLE
LXA NUCINs2 NUMBER CF INTERVALS INTO IRZ2
LXA NUOINs 4 NUMBER OF INTERVALS INTO IR4
TX1 %41 343 INTER
SXA SC1lCsa
SC1B SXA SC1Ds2
STR
STQ INTREV
CLA INTREV
sC1cC ST70 ¥# o2
sC1D AXT *#52
TIiX SCie2s1
SC1E CALL {(RLR: READ IN PRESENT LINE
CLA NUCIN NUMBER OF INTERVALS
TZE LAST
LXA NUOIN,2 NUMBER UF INTERVALS INTO IRZ
SC2A L XA NUOINs4 NUMBER OF INTLRVALS INTO IR4
TXI ¥4+194 5 INTER
SXA SC2C+ 4
SXA SC3AAS 4
SXA SC2BBs4
SXA SC2BBBs4
SXA SC354
SXA SC3AAA 4
SXA INTEG:; 4
A PRERIN INITIALIZE RIGHT Slve OF PREVIOUS INTERVAL
528 CAL MASK3
INTEG ANA %%y 2 UBTAIN RIGHT mMEMBER OF INToRVAL
STO RIN
SCeisb CAL ®3¥ g2
ARS 12
sSC2B8BB STO *# g2
CAL MASK?3
SC2D ANA *%42
ST0 LIN LEFT SIDE OF INTERVAL
CLA LIN LEFT SIDE OF INTERVAL
suB PRERIN RIGHT SIDE OF PREVICUS INTERVAL
sSuB ONE
STC PRERIN GAP BETWEEN INTERVALS
LXA PRERINs& INTO IR4
LXA LINs1 LEFT SIDE OF INTERVAL INTO IR1
TXI *+14515COLM
TXI *+]1519=1
SXA ZERCOSs 1
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SXD SC3Cs1

SXA SCT7s1
SXA 5C8Cs1
CLA LIN LEFT SIDE OF INTERVAL
sSuB ONE
TZE SC3
ZERQOOS S57Z F¥hyd SET ALL COLUMN HEIGHTS BETWEEN LAST
TIX ZEROOSs491 INTERVAL AND PRESENT INTERVAL EQUAL TO ZERO
5C3 CAL ¥y 2
ARS 12
SC3AAA STO ¥y 2
CAL MASK3
SC3AA ANA ¥y 2
ST0 REGIOQ REGION NUMBER OF INTERVAL
LXA REGNS,s 1
TXI *¥+1,1sREGTB
SXA ADDRE 1
LXA REGNS s 4
SCAN CLA KREGIC 1S CURRENT INTERVAL IN
5uUB LY A PREVIOUSLY PROCESSED REGION
TZE 5C38
TIX SCANs 41l
LXA REGNS» 4
SCANN CLA k¥ 94 SEARCH FOR FIRST EMPTY LINE OF REGION TABLE
TZE OK
TIX SCANNs 4yl
oK PXA 4
570 LINE
CLA REGIO PLACE REGION NUMBER OF
ADDRE STO *¥ 54 CURRENT INTERVAL IN REGION TABLE
LXA REGNS s 1 NUMBER OF REGICONS INTO IR1
TXI ¥+14514ROW
SXA SC1l1A,1 SET UP ADDRESS FOR OQUTPUTTEDL COLUMN NUMBLER
SXA ADDRF »1
CLA PLYV ROW NUMBER OF CURRENT LINE
ADDRF STO ¥¥ 44
LXA REGNS 1 NUMBER OF REGICNS INTO IR1
TXI ¥+141,COL
SXA 5C11B=-2»1 SET UP ADDRESS FOR OUTPUTTED COLUMN NUMBER
SXA ADDRGs 1
CLA LIN LEFT SIDE OF INTERVAL
ADDRG STO ¥ 44
SC3B PXA 4
STO LINE
CLA SIXTY1
SuUB LINE
STO LINE
CLA ONE
5C3BBB STO *¥ g4
CLA RIN RIGHT SIDEt OF INTERVAL
suB LIN LEFT SIvE OF INTERVAL
ADD ONE

Figure 10 - Sheet 3




w
[
(V]

1

5C5

sC6

sSC7

NEXT

SC7A

s5C78

sC8

v

< v e 5
SlLEBET Tl

WMAX
TWO
WMAXP
LINE
WMAXP

ADDER
ADDER 1
¥+1,1sFRECT
NEXTH1
NEXT+21
SIZEq+4

¥¥ 4

ONE

®¥H 4
SIZEY 9491
WMIN

WCUR

WMAX

WMIN

=3

MRANGE
MRANGE s &
SWCH

o R T7TOR

p—
N
m

SIZE OF INTERYVAL PLUS ONE
UBDATE TOLymibe 00Tk

COUNTER

MAXIMUM SQUARE STZt pEING CUNSIvERED

ADD ONE TG COLUMN
HEIGHTS IN THIS INTERVAL

SET CURRENT wIlTH 710

MINIMUM COUNT WIDTH
MAXIMUM SGUAKRE SIZt TC BE CONSIDERED
MINIMUM SQUARZ SIZE TO BE CONSIDERED

SET sSwCH eCuAL TO ZERO
SET SQUARE wiuTh JOUNTER EQUAL TO ZEKU
SET COLUMN CUUNTER FOR THIS INTERVAL =0
IS SGQUARE HEIGHT
LARGE ©NOUGHS

IS5 SQUARE WIDTH
LARGE ENCUGH.

ADD 1 TO FREQUENCY COUNT
UF SQUARE OF SIZE wCUR»
REGION R

AT LEAST ONE SQUARE
COUNTED THIS CYCLE.

COLUMN COUNTER FOR INTERVAL BEING PRCCESSED
COLUNMN COUNTER FCGR INTcRVAL BEING PROCESSED

IS IT END OF
CURRENT INTERVAL
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sSCaB

sC8C

ZEROU

s5CoB
SC1¢

SC10CA

S5C11

SC11A

TZE
L XA
TRA
CLA
SUb
Tind
TIX
CLA
ST10
TIX
TRA
CLA
ADD
S>TO
AXT
SXA
TRA
CLA
ADD
sUB
TPL
CLA
5UB
STO
L XA
LXA
TXI
SXA
572
TIX
L XA
CLA
SuB
TZE
CLA
ST0
CLA
suB
TZE
SXA
STZ
TRA
cLS
ST0
TIX
TRA
CLA
ST0
CLA
STO

SC7

SWCH

ONE

¥4 2
SC8bhebst
RIN
PRERIN
5C2B5251
SC9

WCUR

ONE

wCUR

*% 53
SC¥sl
5Cs

RIN

ONE
PICWID
5CsB
PICWID
RIN
ENDING
ENDINGs 4
PICWIDs1
¥+101:COLM
ZERCO 51
¥t g4
ZEROQ 3441
REGNS .1
ZERO
¥yl
S5Cil
*¥x4]
REGNC
ONE

¥¥ g7
SC10A
SAVE1
1“'*91
SC11A
ONE

**91
SCi0s1»1
SC1A
¥¥,1
ROWC
**91
coLcC

AT LcAST ONE SQUARE
COUNTED This JyCLlree.

LAKGEST SQUARE SIZE
RIGHT SIDE OF INTERVAL
RIGHT SILC OF PREVIOUS INTERVAL

ANY MORE INTERVALS THIS LINE

RIGHT SIDE OF INTERVAL

WIDTH OF PICTURE

RIGHT Sjiut OF INTERVAL

LENGTH OF LAST GAP IN INTERVAL

LENGTH OF LAST GaP IN INTERVAL INTU IR4
PICTURE wiIDTH INTO IR1

RO

IS THIS LINE OF
KEGION TABLE EMPTY.

REGION BEING CONSIDERED
WAS THERE AN INTERVAL 1IN
REGIUN R TdlIS CYClLbe.

SET USAGE INUICATOR BEQUAL TO ZERO
SET USAGE INDICATOR EQUAL

TO MINUS ONE

ROW NUMBER CF REGIUN BEING CGUTPUTTED
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5C11 PXA s 1
STC LTt

P
H &

ToA STxTY
SUL LINE
ST0 LINE
LDQ LINE
MPY WMAXP
XCA
STO ADDER
LXA ADDER s 4
TX1 4] 54 FRECT
SXA BEGIN 4
X1 *4] glg—?
SXA S5CZ1s4
SXA URIGINs&
SXA UIVIDE s 4
SxA BEGIN+2¢4
LXA RANGE 52 NUMEER GF 5GUAxY SIZe5 INIO IR2
JEGIN  CLA ¥y
ST INT,2 FREQUENCY OF INTERIUR SGUARES
CLA £%,0 OF INTERIUR SQUARES OF SIZE
SUB INT 2 FREGUENTY OF INTERIUR SULAKLS
STO EXTs2 FREGUENCY OF EXTERICGR SGUARES
TIX BEGINs251
L XA RANGE 52 NUMBER UF SQUARE SIZES INTO IR2
ORIGIN CLA *x4Q 15 FREWUENCY OF SGUARES
.~ TZE ZERGIN EQUAL TO ZERU.
CLA INTs2 FREQUENCY OF INTERICR SGWUARES
TZE SC17
XCA
CLA ZERO
MPY TWOHUN
DIVIDE DVP *%,2
XCA
LRS 1
RND
STO INTPEs2 PERCENTAGE CGF INTERICR SQUARES
TESTY CLA HUNDR
SUB INTPE?2 PERCENTAGE OF INTERIOR SQUARES
STO EXTPEs?2 PERCENTAGE OF EXTERIGR SQUARES
TEST TIX ORIGIN»>Z51
TRA SC19
sC17  sTz INTPE 2
TRA TESTY
ZEROIN CLA ZERO SET INTERIOR AND EXTERIOR
STO INTPE,2 PERCENTAGE OF INTERIOR SQUARES
STO EXTPE,?2 PERCENTAGE OF EXTERIOR SOUARES
TRA TEST
$C19  LXA RANGE » 2 NUMBER OF SQUARE $IZES INTO IK2
CLA WMIN MINIMUM SGUARE S1ZE
STO DIMENS SQUARE SIZE TU BE PRINTED
5C21 LA *%52
‘, STO TFREQ
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CLA INT»2 FREQUENCY OF INTERICR SQUARES

STO IFREQ
CLA EXTs2 FREQUENCY OF EXTERIOR SQUARES
STO EFREQ
CLA EXTPES2 PERCENTAGE OF EXTERIOR SQUARES
ST10 EPERC
CLA INTPE,2 PERCENTAGE OF INTERIOR SQUARES
STO IPERC
SXA SC2042
SCOTPT CAL =6B17
CALL {STH)
PZE FFORMs0s1
FIRST LDQ REGNC PRINT REGION NUMBER
STR
LDQ ROWC PRINT ROW NUMBER OF
STR REGION.
LDQ coLc PRINT COLUMN NUMBER OF
STR REGION.
LDQ DIMENS PRINT SQUARE S1ZE
STR
LDG TFREW PRINT TOTAL NUMBER OF SGUARES
STR SQUARES
LDG EFREG PRINT NUMBER OF EXTERIOR SWUARES
STR SQUARES
LDQ IFREG PRINT NUMBER OF INTERIOR SQUARES
STR SQUARES.
LDQ EPERC PRINT PERCENTAGE OF EXTERIOR SGQUARES
STR EXTERNAL SQUARES.
LDQ IPERC PRINT PERCENTAGE OF INTERIOR SQUARES
STR INTERNAL SQUARES
CALL (FIL)
CLA TFREQ
TZE FINISH
CLA DIMENS SQUARE SIZE TU Bk PRINTED
ADD ONE
570 DIMENS SQUARE SIZE TO BE PRINTED
5C20 AXT *Hy2
TIX 5C215251 HAVE ALL SQUARE SIZES BEEN OUTPUTTED
FINISH CAL =6B17
CALL {(STH)
PZE FORMAT 0,1
Lba SKIPL1
STR
CALL (FIL)
SAVE" AXT ¥y ]
PXA s 1
STO LINE
CLA SIXTY1
sSuB LINE
ST0 LINE
LDQ LINE
MPY WMAXP
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XCA

STO ADDER
LAR ADDER « 4
X3 ¥4i b FRECT
SXA CLEAR &4
L XA MRANGE s &4
CLA ZERO
CLEAR STO ¥4
TIX *-2 9441
TRA SC11
LAST LXA PICWID»2 PICTURE WIDTH INTO IR2Z2
CLA ZERO
STO %42
TIX *¥=23291
TRA 5C98
FORM BCI 55(20A6/20A6///)
FHEAD BCI 5,1
BCI 5
BCI 5, SQUARE FREQUENCIES
BCi 5, SQUARE PERCENTAGES
HEAD BCI 5, REGION NUMBER ROW COLUMN
BCI 55 SQUARE SIDE LENGTH
BC! 5, TOTAL EXTERIOR INTERIUR
BCI 5, EXTERIOR INTERIOR
FFORM RBCI 99(1J1351J691J7+1J2251J1751J921J951J1551J9/}
FORMAT BCI 1+i1A67)
SKIPLI BCI 1
USAGE BSS 60
RIN BSS 1
LIN 35S 1
INTREV BSS 1
NUOIN BSS 1
REGIO BSS 1
COLM BSS 200
SWCH BSS 1
J BSS 1
PRERIN BSS 1
wCUR BsS 1
ROWC BSS 1
CoLc BSS 1
REGNC BSS 1
FRECT BSS 7200
K BSS 1
SIZE RSS 1
INT BES 126 NUMEER CF INTERICR SQUARES
EXT ‘BES 120 NUMBER OF EXTERIOR 5S0QUARES
INTPE BES 120 PERCENTAGE OF INTERIOR SQUARES
EXTPE BES 120 PERCENTAGE OF EXTERIOR SQUARES
ROW 35S A0
coL BSS 60U
PLV £SS 1

Figure 10 - Sheet 8




TRTER
wKi.oTo
ADDER
Te N0
CNL
TAND
RANGE
WHMIN
PLC
MASK 1
MASKZ
MASK3
CSTOP
v
WA
REGNS
ENECING
PICWID
HIUNDR
TwWOHUN
MRANGE
DIMENS
TEFREQ
IFREG
EFREQ
ITPERC
EFERC
WTMAX
WP
LINE
WMAXP
STXTY1
vC

NEWPIC

STUR

[
o

R TN Fa IRl
OO W W

S G OT S

o

1
™

Wik
nm

[US IR

DEC

Dec
58S

TN

10 O T O
T T
[ W

Y (5!

S
BSS

NUMBER OF SQUARE S1ZES

4125 NUMBER CF LINES
177700000200

0C0077770000

0G0COo0LCTTTY

STOP

vC

120 MAXIMUM SQUARE SIZE TO bk COUNSIDERED

o
o

N
—
Ls

WIDTH OF PICTURE

[e]
> DL

(@]
<

N
<

NUMBeR OF PIITURES

fed o e ed e bt ek ok et ped [N} b et peet

-

61

CSTCP

VAR ING

SCoB

v

VAR ING

NEWPCT

wp NUMBER OF PICTURES
ONE

wh NUMBER OF PICTURES
NEWPIC

i

gure 10 -

[

LENGTH UF LAST GAP 14 INTERVAL

n

)




® .

Application to TIROS pictures and nephanalyses

The RAMP and REST programs have been applied to two types
of pictorial material:
(a) A set of digitized TIROS cloud cover pictures
(b) A set of outline-map nephanalyses made from TIROS
pictures |

4.1 TIROS pictures

Arking (1964) and others have demonstrated the possibility of
discriminating cloud from noncloud on TIROS pictures with fair reliability
by using an appropriate brightness threshold. He has used this approach
in a study of percentage cloud cover as a function of season and geographic

' location. If RAMP is applied to TIROS pictures, a further analysis of the
cloud cover becomes possible in terms of numbers and areas of large
connected cloud masses (overcast} as well as total area and ''piece size
spectrum'" of broken cloud cover, Application of REST then provides
information about the shapes of the connected cloud masses.

For direct cloud picture input to RAMP a magnetic tape was used
containing digitized versions of ten pictures transmitted by TIROS V.
Figure 1 is a reproduction of a high-speed chemical printer output of the
first picture of this sequence. (The cooperation of Dr. Albert Arking
of the NASA Institute for Space Studies, New York, in making this tape

available is gratefully acknowledged.)
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The format of this tape is as follows. The first record is an

identifying Control Record in FORTRAN binary format containing the

following words of information:

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

FORTRAN control word

Output tape »reel number

TIROS number

Integer 1

Number of frames this sequence
R/O pass number

Sequence number

Same as (5)

The next record is a Sequence-Data Record in FORTRAN

binary format containing the following words of information:

(1)
(2)
(3)

(4)

(5)
(6)
(7

FORTRAN control word
TIROS number

R.O. number

Mode

Camera

Sequence position

Number of sequences

(8) and (9) Date

(10)

Number of days

(11), (12), and (13) Time

17



(14) Number of frames.

(15) Usable frames

(16) ID scheme

(17) and (18) Latitude and longitude

(19) Height

(20) Right ascension

(21) Declination

(22), (23), (24) P.P. longitude, latitude and elevation

(25) Elevation of sub-satellite point

(26) Nadir angle

(27) P.S. angle

(28) Ersatz

(29) Roll angle

(30) Time (minutes)

(31) ID number

{32) Frame number

Following the Sequence-Data Record are twenty-four 10-line
Gray Level Records in non-FORTRAN binary format. Picture elements
are packed six per computer word, six bits per element. Brightness
levels range from 63 (the brightest) to O (the darkest). Each of these
records is 390 words in length. The picture thus consists of 240 lines

of 234 elements each. *

*This is a 1/4 area scale reduction of the data tape format of 480 lines
of 468 elements each, as transmitted directly from the TIROS satellite.
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Following this is an eight-word End-of-Line Record marking the
end of the first frame. Each of the other nine frames on the tape simi-
larly contains a Sequence-Data Record, 24 Gray Level Records, and an
End-of-Line Record.

Only one format change was necessary for input of these pictures
to RAMP: the 10-line Gray Level Records were broken up into ten records
of one line (234 picture elements) each.

RAMP outputs at eight different brightness threshold levels for
the TIROS picture of Figure 1 are shown as the left-hand pictures in Figure 11.
Element digital values range from 0 (darkest) to 63 (brightest). The thresh-
olds used were 8, 12, 16, 20, 24, 28, 32, and 36. In each example, ele-
ments which are brighter (greater in digital value) than the threshold are
printed out; elements darker than threshold are left blank. The right-hand
pictures in Figure 11 show the same set of pictures ''reversed.'" Elements
whose digital values are less than or equal to the brightness threshold are printed
out, while elements exceeding the threshold are left blank. The same set
of thresholds was used. An advantage of the reversal is that the bright
clouds now correctly appear on the printout as white patches against a dark
printed background, so that the printout now resembles a "'positive' picture.

4.2 Nephanalyses

The application of RAMP and REST to cloud cover maps, or
nephanalyses, provides information about the sizes and shapes of the
regions which contain single types of cloud cover as defined by the maps.
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Figure 11

RAMP Output for a Typical Cloud Picture

at Various Threshold Levels
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Besides this climatological map analysis application, RAMP and REST
have also been used to establish basic parameters for a proposed approach
to automatic cloud cover mapping directly from TIROS pictures. This
approach involves the analysis of a set of square neighborhoods on a
picture and the identification of the cloud cover contained in these neigh-
borhoods. Clearly, the cloud cover regions identified by such a process
cannot be smaller than the square neighborhoods which are analyzed.
Conversely, a study of the sizes of squares which will fit into the regions
on a cloud cover map provides an upper bound to the neighborhood sizes
which can be used if a given proportion of the regions on an average map
are to be identified.

The typical maps of Figure 2 were scanned as described in
Section 2.2 (Figure 2 illustrates the possibility of putting many pictures on
a single digital tape. An upper bound to the number of such pictures is
imposed by the requirement that the map lines be wide enough to remain
free of gaps after digitizing.) RAMP outputs for two of these maps were

shown as Figures 3 and 7; the REST output for one of them, as Figure 8.
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